The antioxidant carotenoid, B-carotene, is particularly effective in preventing cancer in animal models, and epidemiological studies have shown a strong inverse association between dietary intake of &carotene and incidence of cancer [ 11. The immune system plays a major role in cancer prevention and it has been suggested that Bcarotene might prevent carcinogenesis by enhancing immune cell activity [2] . Cell mediated immune responses are initiated by the stimulation of appropriate T lymphocytes by antigen-presenting cells. A pre-requisite for this function is the cell surface expression of MHC class I1 molecules (HLA-DR, -DP & -DQ), which are present on the majority of human blood monocytes. Since it has been shown that the percentage of MHC class 11-positive monocytes and the density of these molecules on the cell surface can alter the degree of immune responsiveness of an individual [3] it is possible that one mechanism by which B-carotene might enhance cell mediated immune responses is by enhancing the cell surface expression of these molecules. In addition, cell to cell adhesion appears to be critical for the initiation of a primary immune response, and it has recently been shown that the ICAM-1 -LFA-1 ligand-receptor pair is also capable of co-stimulating an immune response, enhancing T cell proliferation and cytokine production. Therefore, we undertook a double-blind placebo-controlled crossover study to examine the effect of 8-carotene supplementation, given at a dietary achievable level, on blood monocyte surface expression of MHC class I1 molecules and of several adhesion molecules known to be involved in the process of antigen presentation.
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Twenty-five healthy non-smoking males (age range 18-60 y, who were not taking regular medication or vitamin supplements) were randomly allocated into two groups. Following baseline 12 hfasting blood sampling, participants in Group 1 were provided with 27 placebo capsules (containing vegetable oil) and instructed to consume one capsule per day; participants in Group 2 were given 27 identical capsules supplemented with B-carotene (15 rng, equivalent to eating 150 g carrots per day) and were similarly instructed. After a further fasting-blood sample was taken on Day 28 of the study, the participants were crossed over onto the other capsules and a final blood sample was taken after a further 28 d.
Blood monocytes were purified by density cenmfugation (over NycoPrep 1.063) and were immunofluorescently stained with monoclonal antibodies raised against the MHC class I1 molecules (HLA-DR, -DP and -DQ). and the adhesion molecules ICAM-1, LFA -1 and LFA-3. Both the percentage of monocytes expressing each of these molecules and the intensity of expression of each molecule was quantified by flow cytometry [4] . Table 1 shows that in both participant groups there was a significant increase in plasma levels of B-carotene following dietary supplementation, and plasma levels remained elevated in Group 2 following 28 d of placebo treatment. Plasma levels of several other dietary antioxidants examined did not change significantly. Table 2 shows that there was a significant increase in the percentage of monocytes expressing the major MHC class I1 molecule, HLA-DR, following B-carotene supplementation, and that this increase was maintained in Group 2 following placebo treatment, in association with the persistent elevation in plasma Bcarotene levels. There was also a significant increase in both the percentage of monocytes expressing the adhesion molecules ICAM-1 and LFA-3 and in the relative number of these molecules expressed per cell, following B-carotene supple-mentation. However, in contrast to HLA-DR, the expression of these molecules returned to baseline levels during subsequent placebo treatment, suggesting that there might be a threshold plasma level of B-carotene below which no increase in the cell surface expression of these molecules is observed. One possible mechanism by which B-carotene might influence the expression of cell surface molecules is by protecting cell membrane lipids from peroxidation. It has been shown that free radicals can suppress the expression of HLA-DR [5] and we have previously shown that the relative number of HLA-DR and ICAM-1 molecules present on blood monocytes is reduced following dietary supplementation with fish oil (61, which contains n-3 polyunsaturated fatty acids, which are more susceptible to oxidative damage than are saturated fatty acids.
In conclusion, the increased expression of monocyte surface molecules involved in the process of antigen-presentation, following B-carotene supplementation, provides a potential mechanism by which this carotenoid can enhance immune responsiveness and. consequently, tumour surveillance.
